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This appendix presents the results of the regulation studies undertaken by the
International Lake Erie Regulation Study Board, which was established by the
International Joint Commission on 3 May 1977.
The purpose of these studies was to develop regulation plans for Lake Erie,
employing only partial control of Lake Erie outflow, and determine the effect
of such plans, hydrologically, on the entire Great Lakes system.
The results of the hydrologic analysis as presented in this appendix, indicate
that limited regulation of Lake Erie provides for a general lowering of the
water levels of the system, with impacts being felt on both the maximum and
minimum levels.
The results of the entire study are provided in the International Lake Erie
Regulation Study main report.
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through adjustable works constructed by man, by control of the lake's outflow
and/or inflow. Exercise of such control in accordance with a predetermined
rule (a regulation plan) will accomplish certain results, such as a
modification of the extremes of lake levels that would have been experienced
without such control.
1.1.4 Regulation Possibilities and Limitations
There are three categories of water level fluctuations on the Great Lakes;
these are long term, seasonal, and short-period. Regulation of a lake's
outflow mainly affects the long-term fluctuations of the water level, but also
impacts on the seasonal variations. It has little impact on the short—period
rise or fall other than changing the point of departure from which the rise or
fall begins. Each lake will reflect the amount of water received from rain or
snow, inflow from the upstream lake and diversion into the lake; and the
amount of water lost through evaporation, the outflow river and diversion from
the lake. (Ground water has minimal impact on the overall water balance).
This process of contribution and removal has resulted in the following range
in monthly mean net total supplies over the period 1900—1976.
MONTHLY MEAN NET TOTAL WATER SUPPLY, IN CFS
Lake Average Maximum Minimum Range
Superior 76,000 359,000 -95,000* 454,000
Michigan-Huron 183,000 594,000 -86,000* 680,000
Erie 198,000 343,000 95,000 248,000
Ontario 232,000 382,000 136,000 246,000
*Negative values indicate that evaporation from the lake surface is greater
than the amount of water supplied to the lake.
Due to these large natural variations in water supplies, it is not feasible to
regulate any of the lakes so that the monthly mean level throughout the year
would be constant. To do so would require that the lake outlet be enlarged to
have a monthly mean discharge equivalent to the largest monthly supply (in the
case of Lakes Michigan-Huron, this would require an outlet capacity three
times that of the existing St. Clair—Detroit River system); further, control
works would have to have a capability to reduce the outflow to a monthly rate
equivalent to the smallest monthly natural supply of water. In those
instances when evaporation exceeds the supply to the lake this would require
stopping the outflow entirely and even adding water from other sources. To
change the level of individual lakes by one foot in a one month period, the
difference between the total supply and total water loss during that month
must be of the following equivalent amounts:
Lake Superior 338,000 cfs
Lakes Michigan-Huron 481,000 cfs
Lake Erie 105,000 cfs



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































It was evident early in the study that the coordinated water supply data
which were available, as a result of prior studies, required updating and
extending to cover the study period being utilized in formulation of the
basis-of-comparison and for development of regulation plans. A detailed
description of the development of the required data, tabulation of the final
coordinated data and the basic data employed in their derivation, is given in
Volume 2 to this Appendix entitled "Coordinated Basic Data." The following
paragraphs provide a summary of that information.
2.2 Selected Study Period
Although observations of the water levels of the Great Lakes have been
taken almost continuously since 1860, only a few discharge measurements of the
outflows from the lakes were made prior to the turn of the century. In order
to use a uniform, consistent and reliable set of observations for each of the
lakes and their outlet rivers, and also to have a reasonably long record for
developing and evaluating regulation plans, the period from January 1900 to
December 1976 was selected. This 77-year period is known as the "study
period" throughout this report. This period contains basin-wide drought
periods, such as those of the mid-1930's and mid-1960's, as well as several
high supply periods, such as those in 1928-1929, 1951-1952 and the 1970‘s.
Hence, it was considered that the period 1900-1976 was adequate for providing
an assessment of the effects of the regulation plans.
2.3 Recorded Data
The recorded data used to calculate the water supplies and the
basis-of—comparison for the regulation plans were taken fron records on file
in the United States at the National Oceanic and AtmOSpheric Administration,
Department of Commerce, and at the U. 5. Army Engineer District, Detroit,
Department of Army; and, in Canada, at the Inland Waters Directorate,
Environment Canada. The data developed by the Coordinating Committee on Great
Lakes Basic Hydraulic and Hydrologic Data, and agreed to by user federal
agencies of both countries, were employed where possible. Where coordinated
data did not exist, provisional data were developed by the Regulation
Subcommittee for use in the study.
2.4 Assumptions
To determine the required water supply data and to develop the
basis-of-comparison, the following assumptions were made:
 
  
l. No adjustments would be made for changes in the hydraulic and





















they occurred over the study period, and as reflected in the recorded data.
2. Due to the large surface area of each of the Great Lakes in comparison
to changes in the area as a result of changes in stage, a single storage
conversion constant, relating the volume of water represented by a given
change in stage to cfs-months, would be employed over the entire range of
levels for each lake. The constants are as follows:
Lake Superior .00296 foot per thousand cubic feet per second for
one month (TCFS-mo.) or 337,800 cubic feet per second
for each foot (CFS-mo./ft.)
Lake Michigan-Huron .00208 ft./TCFS-mo. or 480,800 CFS-mo./ft.
Lake Erie .00951 ft./TCFS-mo. or 105,200 CFS-mo./ft.
Lake Ontario .0125 ft./TCFS-mo. or 80,000 CFS-mo./ft.
3. All months have the same number of days (30.4 days).
2.5 Derived Data
Due to the larger lake areas, of Lake Superior and Lakes Michigan-Huron,
their levels respond to changes in water supply much more slowly than do the
levels of Lakes Erie and Ontario (Lake Ontario responds six times as fast as
Lakes Michigan-Huron). For this reason, the basic data used in this study
were developed and coordinated for monthly periods on Lakes Superior and
Michigan-Huron and for quarter-monthly periods on Lakes Erie and Ontario.
However, since Lake St. Clair reflects conditions on Lakes Michigan-Huron and
Erie, it was necessary to employ monthly periods on that lake. Data derived
for testing lake regulation plans and for formulating the basis-of-comparison
are described in the following subsections.
2.5.1 Net Basin Supplies
Net basin supply is a tenn used to describe the water which a lake
receives from precipitation, on both its surface and its own land drainage
basin, less the net effect of evaporation and condensation on the lake
surface. Although presently available techniques do not permit the accurate




















and diversion records. The relationship used is as follows:
A-lO
 NBS = S + 0 - II: D
where:
NBS = Net basin supply.
5 = Change in storage, based on change in level from beginning to
end-of-period.
0 = Average outflow from lake through outflow river.
I = Average inflow to lake from inflow river.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































historical rate has been about 5,600 cfs).
A-12
 2. Lake Superior regulated in accordance with Regulation Plan 1977, which
is the plan currently being used by the International Lake Superior Board of
Control.
3. A constant diversion of 3,200 cubic feet per second out of Lake
Michigan at Chicago. This is the maximum allowable diversion at Chicago by
decree of the U. S. Supreme Court dated June 12, 1967.
 
4. The 1962 outlet conditions for Lake Huron. This represents the
current Lake Huron outlet condition which has existed since completion of the
27-foot navigation channel dredging in 1962.
5. A constant diversion, by way of the Welland Canal, of 7,000 cfs out of
Lake Erie and into Lake Ontario. This is the approximate average diversion
through the Welland Canal which existed during the period 1950-1976. (More
recent data have shown the current rate of diversion to be closer to 9,200
cfs .
6. 1953 outlet conditions for Lake Erie. In its 1953 report on the
Preservation and Enhancement of Niagara Falls, the International Joint
Commission considered it essential that the relationship existing at that time
between the Niagara River flow and the Chippewa-Grass Island Pool level be
maintained following the canmencement of operation of the Chippewa-Grass
Island Pool Control Structure and power diversions as permitted by the 1950
Niagara Treaty.
7. Lake Ontario regulated during the period 1900-1976 in accordance with
Plan 1958-0, incorporating discretionary deviations from the plan which have
occurred since 1960. Some minor adjustments were necessary in the recorded
discretionary deviations values employed after 1973 to maintain St. Lawrence











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Based upon the above rationale, the water supply to Lakes Superior and
Michigan-Huron was selected as an indicator of future water supplies to Lake
Erie. In this study, to provide a smooth transition during changing supply
conditions, a 12-month moving mean water supply to these lakes was employed as
the trigger.
3.4 Lake Erie Regulation Plans
As noted previously, the regulation studies were conducted under three
separate categories. Category 1 develops the necessary plans for Lake Erie,
and Categories 2 and 3 deal additionally with modifications to Lake Ontario
Regulation Plan 1958-0 and the necessary changes to the St. Lawrence River to
handle an increased flow. As noted in Section 3.1, plans for limited Lake
Erie regulation under each category were subdivided into three groups; those
which require a regulatory structure in the Niagara River, plans which use a
diversion channel cut through Squaw Island, and lastly plans which use the
Black Rock Lock to discharge additional quantities of water from Lake Erie.
All of these plans are considered limited regulation schemes since none of the
plans provide for full control of the outflow. The following paragraphs
describe Category 1 plans for each of these groups.
3.4.1 Niagara River Plans (N-Series)
Regulation plans in this series require increased channel capacity by
dredging and a control structure which extends partially across the Niagara
River. The structure would be operated to increase the outflow from Lake Erie
(by taking advantage of the dredging) whenever the water supply indicator for
the upper Great Lakes is at or above normal. Whenever the water supply in the
upper Great Lakes drops below normal, the total Lake Erie outflow would revert
to that which would occur under the preproject conditions. To provide for a
range of impacts, costs, and benefits, a series of (N) plans were tested which
increased the outflow from Lake Erie from 5,000 cfs up to 30,000 cfs in
increments of 5,000 cfs. The resulting outflows from Lake Erie, under
Category 1, for each of these plans, were routed through Lake Ontario in
accordance with Regulation Plan 1958-0. Under Category 1, there is no attempt
to modify Plan 1958-D to accommodate this increased inflow to Lake Ontario nor
to satisfy the IJC criteria for the regulation of Lake Ontario. The results
of these tests are shown on Table A-1. The plan names denote the capacity and
type of structure to be used, e.g., 25N represents a regulation plan in the
Niagara River requiring a 25,000 cfs capacity increase.
3.4.2 Black Rock Canal - Squaw Island Plans (S-Series)
V Regulation plans in the series of "S" plans utilize the Black Rock
Canal-Squaw Island structure to pass additional water out of Lake Erie. Water
enters the canal in the Buffalo Harbor area on Lake Erie and is returned to
the Niagara River downstream from the river's natural hydraulic control. A











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































flows, at low flow, is as follows:






























































































































































































































































































































































































































































































































































































































































































































LAKE ERIE REGULATION - CATEGORY 1 and 2
FOR BLACK ROCK CANAL STRUCTURE, SERIES "L"



















































































Max 247.37 247.34 247.39





* Results interpolated from (N) results - Table A-l
  
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































end-of-July for those periods when the outflow from Lake St. Louis exceeds
345,000 cfs. Studies of this limitation under actual operation indicate that
employment of the 345,000 cfs value is conservative. Hence, a value of
380,000 cfs was adopted for use in Plans 25N, 155, and 6L under Category 2.
3.5.3 "M" Minimum Flow Limitation
IJC Criterion (e) for the regulation of Lake Ontario, states;
“Consistent with other requirements, the minimum regulated
monthly outflows from Lake Ontario shall be such as to
secure the maximum dependable flow for power,"
Criterion (j) states;
"The regulated level of Lake Ontario on 1 April shall not be
lower than elevation 242.77. The regulated monthly mean
level of the lake from 1 April to 30 November shall be
maintained at or above elevation 242.77"
To satisfy these criteria under Category 2, some adjustment to Plan 1958-0
minimum flow was required. The minimum flow employed in Plans 25N, 155 and 6L





Plan 1958-0 Plan 25N Plan 155 Plan 6L
Jan 210 202 204 205
Feb 207 200 200 202
Mar 204 195 196 195
Apr 188 188 188 188
May 188 188 188 188
Jun 190 190 190 193




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 3.6.2 "P" Maximum Flow Limitation
Under Category 2 modifications to Plan 1958-0, the "P" limitation was
applied during the period from mid-April to the end-of-July only when the
outflow from Lake St. Louis exceeded 380,000 cfs, rather than the presently
used value of 345,000 cfs. Under Category 3, the 345,000 cfs application
limitation was retained for the total test period (1900-1976). This change
was due to the difference in objectives between Category 2 and Category 3.
Increasing the flow from 345,000 cfs to 380,000 cfs when the "P" limitation
applies would not better satisfy the criteria during the high water supply
periods of the l970's. However, under Category 3, it was necessary to add
l5,000 cfs to the limiting control numbers employed in Plan 1958-0 to
duplicate conditions which occurred in the 1970's.
The "P" limitation was incorporated into Plan 1958-0 to restrict Lake
Ontario releases to preproject flows in order to satisfy criteria (c) and (d)
of the Commission's Orders of Approval. By increasing the "P" limitation, as
was done in Category 3, it would appear that these criteria would be violated.
However, the channel modifications also undertaken in Category 3 were designed
to provide a reduction in river levels sufficient to compensate for the 15,000
cfs increase.
3.6.3 "M" Minimum Flow Limitation
 
Paragraph 3.5.3 notes the minimum outflow criterion to be satisfied by any
plan of regulation. Listed below are the minimum flows for each plan





























Plan 25N Plan 15$ Plan 6L
Jan 200 202 203
Feb 200 200 200
Mar 195 195 196
Apr 188 188 188

































 3.6.4 "J" Outflow Limitation




















3.6.5 "L" Outflow Limitation ,
Figure A-6 shows the modified "L" limitation curve employed under Plan
1958-0. Superimposed on this plate are the modified conditions for Plans 25N,
15$ and 6L. The resulting modifications provide for satisfaction of the
criteria for the regulation of Lake Ontario over the entire test period
(1900-1976). The changes cannot be totally attributed to Lake Erie
regulation, but are also due in part to the water supplies of the 1970's,





















water supplies) is further discussed in Section 4.3.
3.7 Adjusted Basis-of-Comparison
To provide data under the basis-of—comparison for use with Category 3
plans, Plan 1958-0 was modified to accommodate the low and high water supplies
of the 1960's and 1970's, respectively, and to satisfy the IJC criteria for
the regulation of Lake Ontario. These modifications were applied to the total
study period, 1900-1976, and are necessary so that the benefit/cost ratio
attributable to Lake Erie regulation can be separated from that obtained
through satisfaction of the IJC Orders of Approval for Lake Ontario.
These adjustments reflect, not only the changes required to accommodate
the extreme water supplies, but also those which are occasioned by regulation
of Lake Superior under Plan 1977. Adjustments to Plan 1958-0 under the
basis-of-comparison are described in the following sections.
3.7.1 "M" Minimum Flow Limitation
Listed below are the minimum flows under Plan 1958-0, and under the
modified Plan 1958-0. The reduction in minimum flow under the adjusted
basis-of-comparison was necessary to accommodate the low water supplies of the
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REGULATION OF LAKE ONTARIO
PLAN 1958-0 AND AS MODIFIED FOR CATEGORY 3























































































































value has been changed to 45,000 cfs.

























































































































































































































































































































































































































































































































































































































Analysis of these two factors includes the consideration
of their maximum, mean and minimum monthly values,
ranges, duration and
seasonal distribution.
Various criteria expressed in these hydrologic tenns
are used to evaluate the regulation plans developed herein.
These criteria
reflect the IJC "Orders of Approval" on the regulated lakes.
For the
currently non-regulated lakes, similar criteria were developed by the
investigators.
The evaluation involves the determination of the degree to
which each regulation plan meets such criteria in comparison to the
basis-of-comparison. The data employed are those resulting from the test of
the regulation plan over the 1900-1976 water supply period. The following
subsections discuss the hydrologic evaluation of selected plans with respect
to the criteria and objectives for regulation. Presented are the Category 1
evaluation for all lakes and the Category 2 and 3 evaluations for Lake
Ontario.
4.2 Category 1 Plans
Category 1 Plans consist of limited regulation of Lake Erie, with present
channel limitation of the St. Lawrence River, and Lake Ontario regulated in
accordance with Plan 1958-0, with discretionary deviations as they actually
occurred.
4.2.1 Lake Superior
Criterion (a): The Commission's 1979 Orders require that Lake
Superior be maintained so as not to exceed 602.0 feet nor fall below 598.4
feet.
The maximum and minimum monthly mean levels of Lake Superior under each
of the plans selected for detailed evaluation are shown on Table A-7. 0f
considerable importance with respect to this criterion is the frequency of
occurrence of high and low levels. Tables A-8 and A-9 compare the frequency
under each of the plans with the basis-of-comparison.
Table A—7 shows that regulation of Lake Erie would not cause a marked
impact on the maximum level. In fact, the maximum level is the same as that
occurring under the basis-of-comparison. In all cases, the criterion "not to
exceed 602.0" has been satisfied. In addition, Table A-7 shows that although
the extreme low levels have been lowered somewhat by the regulation of Lake




LAKE ERIE REGULATION - CATEGORY 1
















































































































Mean Level Comgarison P1an 6L Plan 155 P1an 25N
 











601.7 2 2 2 2
601.6 9 8 5 4
























































































































































 Tables A-8 and A-9 emphasize the above point.
Table A-8 shows a
reduction in the frequency of occurrence of all stages above 601.6 feet under
all three plans, when compared to the basis-of-comparison.
This should
provide a benefit to the coastal zone interests on Lake Superior.
Table A-9
shows an increase in the frequency of levels below elevation 600.0 feet (LWD
on Lake Superior).
The magnitude of Towering becomes greater as the magnitude
of increased outflow from Lake Erie becomes greater (6L vs. 25M). The
lowering would have an adverse impact on navigation and power.
Criterion
(b):
The Commission's Orders specify, that in order to
guard against unduly high levels of water in the lower St. Marys River, the
excess discharge at any time over and above that which would have occurred at
a similar level on Lake Superior prior to 1887, shall be restricted so that
elevation of the water surface immediately below the locks shall not be
greater than 582.9 feet.
In the test of the Lake Superior portion of the plans presented herein,
over the period 1900-1976, the maximum stage at the U.S. Slip gage, below the
lock was as shown on Table A-10. Table A-10 shows that criterion (b) has been
satisfied by all three plans.
TABLE A—lO






The Commission's 1979 Order specifies that whenever the monthly mean
level of the lake is less than 600.5 feet, the total discharge permitted shall
be no greater than that which would have been discharged at the prevailing
stage of Lake Superior prior to 1887.
This criterion was not evaluated since it was a criterion developed for
operational purposes and did not impact on the theoretical application of the









































on outflow from Lake Superior is equivalent to the discharge capacity of the


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































reduce the frequency of occurrence of high levels.
This reduction amounts to
1.07 feet
under Plan 25N;
0.42 foot under Plan 155 and 0.15 foot under Plan
6L.
The frequency of occurrence of high levels (above 572.0 feet)
was reduced
by 85% under Plan 25N; 46% under 153; and 18% under 6L.
Hence, this criterion
has been satisfied by all plans evaluated.
Criterion (b):
Consistent with other requirements, reduce the
frequency of occurrence of low Lake Erie levels, especially during the
navigation season (April-November).
Table A-17 shows that the minimum stage would be reduced and the
frequency of occurrence of low levels would be increased under all three
plans, in canparison to the basis-of—comparison. The table shows a lesser
impact during the navigation season than during the all-months period.
However, even though this lowering is small in magnitude, the plans have not
satisfied the criterion, in comparison with the conditions existing under the
basis-of-comparison.
4.2.4 Lake Ontario
The criteria and supplementary requirement stated hereunder have been
extracted directly from the 1963 report entitled "Regulation of Lake Ontario
Plan 1958-0", by the International St. Lawrence River Board of Control to the
International Joint Commission. These criteria and the tests of regulation
plans by that Board relate to the 1860-1954 period. For evaluation purposes
in this study, as noted in Section 2.2, the period of study is 1900-1976, and
the basis-of-comparison includes the current operating plan (Plan 1958-0) as
































































































































































































































































































































































































































































































to which each plan fulfills these requirements in comparison with the current
operating plan.















The regulated outflow from Lake Ontario from April
1 to December 15 shall be such as not to reduce the minimum level of Montreal
Harbour below that which would have occurred in the past with the supplies to
Lake Ontario since 1860 adjusted to a condition assuming a continuous
diversion out of the Great Lakes basin of 3,100* cubic feet per second at
Chicago and a continuous diversion into the Great Lakes basin annually of
5,000 cubic feet per second from the Albany River basin.
Lake St. Louis outflows are representative of the levels of Montreal
Harbour.
A comparison of the minimum monthly mean outflows from Lake St.
Louis with basis-of—comparison data will indicate the degree to which the
criterion has been satisfied.
To assess the effect of regulation on low water
levels of Montreal Harbour, it has been customary in the studies conducted by
the International St. Lawrence River Board of Control to compare the frequency
of occurrence of outflows from Lake St. Louis below 230,000 cfs.
Table A-18 shows that the minimum outflow from Lake St. Louis under all
three plans is the same (except for 25N) as that which occurred under the
basis-of-comparison. The table also shows a comparison of the frequency of
occurrence of low flows. The table shows a slight increase in low flow below
230,000 under Plan 155 and Plan 25N, however, at flows less than 225,000 cfs
the frequency of occurrence under all three plans is practically the same as
under the basis-of—comparison; however, the criterion has not been satisfied
to the same degree as under current operating conditions.
Criterion (b): The regulated winter outflows from Lake Ontario
from December 15 to March 31 shall be as large as feasible and shall be
maintained so that the difficulties of winter operation are minimized.
Table A-19 shows that the minimum outflow under all three plans are the
same as occurred under the basis-of-comparison and thus the criterion has been
satisfied.
Criterion (c): The regulated outflow from Lake Ontario during the
annual spring break-up in Montreal Harbour and in the river downstream shall
not be greater than would have occurred assuming supplies of the past as
adjusted.





























































































































































WINTER OUTFLOWS FROM LAKE ONTARIO (1900-1976)




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MEAN MARCH OUTFLONS FROM LAKE ONTARIO (1900—1976)
(NUMBER OF OCCURRENCES ABOVE OUTFLOW SHOWN)
Ogﬁglggnds






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































LAKE ONTARIO OUTFLOWS APR.-NOV. 1900-1976 (TCFS)













































































































































































































































































for the period April
thru November under all three
plans,
as compared to those which occurred under the basis-of-comparison.
Hence, the criterion has not been satisfied to the same degree.
(See note
Criterion (g)).
Criterion (k): In the event that future supplies occur in excess
of the supplies of the past as adjusted, the works in the International Rapids
Section shall be operated to provide all possible relief to the riparian
owners upstream and downstream.
In the event of future supplies less than the
supplies of the past as adjusted, the works in the International Rapids
Section shall be Operated to provide all possible relief to navigation and
power interests.
All plans were developed using the supplies of the past as adjusted, and
this criterion refers to magnitudes and sequences of supplies in the future
that may be more critical than those of the past. Since this condition refers
to future conditions, it cannot be evaluated.
Lake St. Louis Low Water Levels: One supplementary requirement of
regulation relates to Lake St. Louis low water levels and states that "The
project works shall be operated in such a manner as to provide no less
protection for navigation and riparian interests downstream than would have
occurred under preproject conditions with the supplies of the past as
adjusted, as defined in Criterion (a) herein."
Table A-27 shows that the minimum level under all three plans has been
lowered slightly below that which occurred under the basis-of—comparison. The
frequency of the occurrence of these low levels under Plans 155 and 25N has
also been increased when compared to those of the basis-of-comparison.



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the basis-of-comparison so that it satisfied the criteria
(called the adjusted basis—of-comparison in this report).
Figure A—9 shows


















were made, as required by the adjusted basis-of—comparison to satisfy the
requirement,
these modifications would be adequate to handle Plan 6L.
Plans






























































































































































































































































































































































































































































MONTHLY MEAN OUTFLOWS FROM LAKE ONTARIO AND LAKE ST. LOUIS
APRIL, MAY AND JUNE (1900-1976)
















April May June April May June April Max June April May June April May
 
260
22 31 3O 23 31 3O 23 31 3O 29 31 3O 25 29
270
12 24 27 15 24 27 15 23 26 18 26 26 15 26
280 9 15 22 12 17 23 11 16 20 13 18 21 12 20
290
6 10 13 9 13 14 9 12 14 10 12 15 9 14
300





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































MONTHLY MEAN LEVELS OF LAKE ONTARIO (1900-1976)








































LAKE ONTARIO WATER LEVELS






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































    















































































Criterion (a) 3 3 3
Criterion (b) 2 2 2





Criterion (e) 1 2 2
Lakes Michigan-Huron
Criterion (a) 2 2 2
Criterion (b) 3 3 3
Lake Erie
Criterion (a) 2 2 2
Criterion (b) 3 3 3
Lake Ontario (Category 1)
Criterion (a) 1 1 1
Criterion (b) 1 1 1
Criterion (c) 3 3 3
Criterion (d) 1 1 1
Criterion (e) 1 1 1
Criterion (f) 1 1 1
Criterion (g) 3 3 3
Criterion (h) 3 3 3
Criterion (i) 3 3 3
Criterion (j) 3 3 3
Criterion (k) N/A N/A N/A
(supp) 1 3 3
Lake Ontario (Category 2)
T Criterion (a) 1 1 1
i Criterion (b) 2 2 2
‘ Criterion (c) 3 3 3
Criterion (d) 1 1 1
A Criterion (e) 2 2 2
' Criterion (f) 2 2 2
; Criterion (g) 2 2 2
t Criterion (h) l 1 1


























































































































































































































































































































































































































































































































































Joint Commission to undertake the study
reported
on herein.
By a second "Reference," of the same date, the Commission
was requested by the Governments to "assess the effects of varying the rates
of existing diversions during periods of extreme levels on the Great Lakes."
Since diversions affect the water supply to the system, any modification
thereof would
impact on the regulation
plans presented herein.
To assess that
impact, the diversion scenario developed by the International Diversion and
Consumptive Uses Study Board having the greatest Towering effect on Great
Lakes levels has been combined with selected regulation plans developed under
this study.
Those plans are Plan 6L, Plan 158 and Plan 25N.
The impacts of
diversion management on the selected plans are enumerated in the following
paragraphs.
5.2 Diversion Management Scenario
The diversion management study assumed no changes in the present physical
capacity of the diversion channels. The study further employed as a trigger,
for changing the diversion rates, the water supply to Lakes Michigan-Huron.
This trigger is comparable to the trigger employed for varying the outflow
rates under the regulation plans presented herein. Diversions were varied as
follows: from zero to 5,000 cfs in the case of the Long Lac-Ogoki Diversions;
an increase from 3,200 cfs to annual average of 8,700 cfs out of Lake Michigan
at Chicago and an increase from 7,000 cfs to 9,000 cfs through the Welland
Canal. The maximum impact on lake levels occurs when the Long Lac-Ogoki
diversions are reduced to zero; the Lake Michigan Diversion at Chicago is
increased to 8,700 cfs; and the Welland Canal is increased to 9,000 cfs.
5.3 Hydrologic Evaluation of Diversion Management Scenarios on Selected
Regulation Plans
Table A-39 shows the selected regulation plans with and without diversion
management. The table shows that under all Category 3 plans on all lakes the
maximum, minimum, and mean levels would be lower than those which occurred
under the basis-of-comparison and the plans without diversion management. The
table also shows that for all lakes (except Lake Ontario) the range of levels





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































*It should be noted that no attempt was made to modify the Category 3 Lake
Ontario plans to offset the effect of the reduced water supply. If the type
of diversion management contemplated in the Diversion and Consumptive Uses
Study were implemented, such an adjustment would be necessary to offset the










































in these plans are located in the St. Marys and
St. Lawrence Rivers, and are so constructed to have full control
of the
outflow from Lakes Superior and Ontario.
As a result, outflows may be
increased or decreased to reduce or support the high and low levels of the
lake.
This is in contrast to what has been proposed for the regulation of
Lake Erie.
The works have been so conceived as to increase the outflow, but
can only reduce the outflow to that which would have occurred under the
natural outlet condition.
Hence, lowering of the extreme high levels is
possible, but support or raising of the low levels is not.
Table A-7 summarizes the effect of the various plans on the levels of the
Great Lakes. The table also contains the basis-of-comparison levels employed
in this study.
Table A—38 presents a summary of whether or not these plans
satisfy the International Joint Commission criteria for Lakes Superior and
Ontario and the criteria established for evaluation herein for Lakes
Michigan-Huron and Erie.
The hydrologic evaluation for Lake Superior on Table A-7 shows that the
range of mean monthly lake levels on Lake Superior would be increased as a
result of limited regulation of Lake Erie. This is due to the lowering of the
minimum level. No impact is shown on the maximum level because the value
shown occurs in the first year of the test period and the lake system had not
yet adjusted to the new downstream conditions.
The hydrologic evaluation for Lakes Michigan-Huron on Table A-7 shows
that the range of levels for all plans would be reduced in comparison to that
which occurred under the basis-of-comparison. The table also shows that the
impact on the maximum level is greater than that on the minimum level. This
is due to the technique employed for regulation of Lake Erie and the effect of
backwater from that lake to Lakes Michigan-Huron.
Table A-7 shows that under limited regulation of Lake Erie a lowering of
the maximum level by up to 1.07 feet could occur. As a result of this
lowering there would be an effect on all lakes of the system; raising Lake
Ontario and lowering the upper Great Lakes. The table also shows that by
employing only limited control of the outflow (no opportunity to reduce the
flow below the natural outflow when water supply is low) there is a lowering


















































































































































































































































































































































































































































































































































































































































































































































































(BRITISH TO METRIC UNITS)
l
l
) 1 cubic foot per second (cfs) = 0.028317 cubic metres per second (cms)
l





1 mile (statute) = 1.6093 kilometres
1 ton (short) = 907.18 kilograms
1 square mile = 2.5900 square kilometres

























Temperature in Celsius: °C (°F - 32) / 1.8
1 acre-feet = 1,233.5 cubic metres
1 gallon (U.S.) = 3.7853 litres

















































   
